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Specifications 

1 . Title of Invention 

Acetylateci Polyglycolic Acid and Method of Manufacture Thereof 

2. Claim(s) 

1. An acetylated polyglycolic acid represented by the Formula 

(i) ; 

.00 

OCHsil-OH CI) 

(where x in the Formula (I) represents an integer of from 150 to 
about 1, 500) . 

2. The compound of Claim 1 wherein x is from about 690 to about 
1,200. 

3. A method for manufacturing an acetylated polyglycolic acid 
represented by the Formula (I): 

0 

CHsC0-E0CH2i3^OH ( i ) 

(where x in the Formula (I) represents the same meaning as mentioned 
above) 

by treating polyglycolic acid represented by the Formula (II) : 

0 

(where x in the Formula (II) represented an integer from about 150 to 
about 1,500) 

with an acetylated agent. 

3 . Detailed Specifications 

* Numbers in the margin indicate pagination in the foreign text. 



The present invention relates to a polymerization reaction 
product, and in further detail, a polymerization reaction product 
having a solid-state bioabsorpt ivity and hydroly zability normally 
capable of being manufactured by acetylating the terminal hydroxyl 
group of polyglycolic acid having a molecular weight of at least 
about 10,000. The polymerization reaction product in the present 
invention is worked into fibrous materials, self-supporting films, 
and the like, which are expected to be applied to the medical field 
as materials for sterile surgical procedures, such as sutures and 
binding threads , instruments for continually administering and 
controlling a constant amount of a drug into animals, etc. 

Although it is known that polyglycolic acid has been employed as 
the main material in applications, as mentioned above, in the past 
(e.g., Tokuko JP-B No. S43-5192), in this case, because the fusion [2_ 
temperature is between 210°C and 230°C and the decomposition 
temperature is between 250 °C and 26 0 °C, the range in which the 
temperature can be set during melting and molding is narrow, and so 
control of the molding step is difficult. 

As a result of repeating painstaking research to improve this 
drawback of polyglycolic acid, the inventors of the present invention 
were successful in obtaining a compound with good heat stability 
which can be melted and molded easily without losing the 
characteristics of polyglycolic acid like its bioabsorpt ivity , which 
led them to complete the present invention . 
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That is, the present invention relates to an acetylated 



polyglycolic acid represented by Formula (I): 



o o 

CH»4£ 0CH2£3-y0H 



(where x in Formula (I) represents an integer of from about 150 to 
about 1, 500) . 

It is preferable that the difference between the melting temperature 
(220°C to 235°C) and the pyrolysis temperature (300°C to 315°C) be 
large, and in particular, x be 690 to 1,200°C). 

The compound represented by the Formula ( I ) is obtained by 
treating polyglycolic acid represented by the Formula (II) : 



(where x in the Formula (II) represents the same meaning as above) 
with an acetylating agent. 

Polyglycolic acid, which is a raw material of the compound 
pertaining to the present invention, is normally manufactured by a 
ring- opening polymerization reaction of a glycol ide in a known method . 
It is represented by the following reaction formula: 



The molecular weight of the polyglycolic acid used here is at least 
about 10,000 (polymerization degree x = about 150; "about" will be 
omitted hereinafter), and preferably, from 40,000 to 70,000 (x = 690 



o 



H-E0CRsi3- z 0H 




0 



Glycolide 



Polyglycolic acid 
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to 1,200). If the molecular weight is less than 10,000, melting and 
molding thereof are impossible . If it is 70,000 or higher, the 
viscosity becomes large and molding becomes difficult. A method for 
manufacturing the polyglycolic acid having a molecular weight of 
10,000 to 100,000 is described in the publication of U.S. Patent No. 
2,668, 162 . 

Polyglycolic acid is obtained by heating a glycolide prepared 
from oxyacetic acid (glycolic acid) in the presence of an antimony 
trif luoride catalyst (0.03% of the glycolide) , and after 1 hour or 
more at 195 °C, heating it for another 3 0 minutes at 23 0 °C . The 
molecular weight is between 10,000 and 100,000, while the melt 
viscosity at 245°C of the polymer having such a molecular weight 
falls between about 400 to 27,000 poise. 

Moreover, the molecular weight of the polyglycolic acid can be 
measured as an average molecular weight in a terminal group 
determination method after dissolving it in a phenol and 
trichlorophenol mixed solvent. 

Next, the embodiments of the method of manufacture pertaining to 
the present invention will be described. First of all, the 
polyglycolic acid is made a powder or it is granulated and allowed to 
react with an appropriate acetylating agent. Although the acetylating 
agent is normally used with a reaction solvent, a reaction solvent 
can be further used if necessary. The polyglycolic acid is applied 
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between a reaction temperature of 0°C and 200°C, and is allowed to 
react at the reflux temperature of the reaction solvent . 

The resulting acetylated polyglycolic acid is washed 
sufficiently, and after it is dried, it is a finished product . Its 
pyro lysis temperature is at least 300°C. 

In the method of the present invention, acetic acid, acetic 
anhydride, acetyl chloride, and the like are disclosed for the 
acetylating agent which acetylates the polyglycolic acid. However, we 
are not limited thereto. The acetylating agent and/or an organic 
solvent that is inactive in the reaction system is used for the 
reaction solvent. Although it includes acetic acid, acetic anhydride, 
pyridine, picoline, dimethyl formamide, dimethyl sulfoxide, dioxane, 
benzene, toluene, xylene, and the like, the organic solvent is not 
limited thereto . 

In the method of the present invention, in addition to the 
polyglycolic acid, acetylating agent, and solvent, a solvent which A3 
accelerates the reaction, and a cocatalyst may be added. Specific 
examples include sulfuric acid, p-toluene sulfonic acid, 
triethylboran, phosphorus oxychloride, etc. However, we are not 
limited thereto . 

If another acetylating agent is used in place of the acetylating 
agent in the present invention, the applicable acetylated 
polyglycolic acid can be obtained. 
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For example, if benzoyl chloride is used, a benzoylated 
polygly colic acid is obtained . If propionic anhydride is used, a 
propionylated polyglycolic acid is obtained. In addition, by using, 
e.g., a glycolic acid and lactic acid copolymer in place of the 
polyglycolic acid in the present invention, an acetylated product 
thereof can be obtained. 

The acetylated polyglycolic acid of the present invention 
exhibits a decomposition temperature of 300°C or higher. Because the 
difference between the decomposition temperature and the fusion 
temperature is at least 70°C, melting and molding thereof are easy, 
and an absorbable and hydrolyzable molded product having a wide range 
of characteristics can be manufactured. Although the acetylated 
polyglycolic acid of the present invention is suited for use as 
surgical sutures, it also can be applied to many medical applications. 
Specific examples thereof are cited as follows. 
A. Acetylated polyglycolic acid itself 

1. Molded or machined solid-state products 

a. pins, clamps, screws, and plates for orthopedic surgery 

b. clips (e.g., for vena cava use) 

c. socks, buttons, snaps 

d. bone substitution materials 

e. needles 

f . semi-permanent intrauterine devices 

g. temporary waster water pipes, test tubes, capillaries 
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h. in vivo function-promoting embedded plates 

i . vascular transplant materials or retention materials 

j . external ducts for kidney and cardiopulmonary devices 
k . flat disk for spinal use 

2. Knitted/woven fibril products (including velour) 

a. burn dressings 

b. padding cloths for hernia 

c . absorptive paper or gauze 

d . dressings for [illegible] 

e. surface substitution materials 

f. gauze, cloth, sheet, felt or sponge for hemorrhage used 
in the liver and other internal organs 

g. gauze bandages 

h. dental packing materials 

i. binding thread for surgery 

3. Other 

a. flakes or powders for burns and abrasions 

b . wire substitution materials for immobilization 

c. foams for absorbable accessory materials 
B. As compositions 

1. Molded or machined solid-state products 

a . slowly digest able ion exchange resins 

b. slowly digestable drug separation agents (pills, 

pellets ) 
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c. pins, needles and the like for reinforced bone 
2 . Fibril products 

a. artery substitution materials 

b . skin surface bandages or dressings 

A practical example of the present invention is shown next. A 
method for spinning the compound of the present invention will also 
be described as a reference example. 

Moreover, the logarithmic viscosity number in the practical 
example was measured at a 0.5% concentration at 30±0.1°C using an 
Ubbelohde viscometer upon dissolving the polymer in a mixed solvent 
of phenol (10 parts by weight) and tr ichlorophenol (7 parts by 
weight) . 

Practical Example 1 

10 g polyglycolic acid prepared from a glycolide in the method 
of manufacture described in U.S. Patent No. 2,668,162 (logarithmic 
viscosity number: 0.44; fusion temperature: 218°C; decomposition 
temperature: 256°C) were mixed with 50 mL of acetic anhydride, and 
allowed to react under heating and ref luxing for 1 hour . After the 
reaction ended, the product was cooled and filtered, and the crystal 
was washed with methyl alcohol . Furthermore, unreacted acetic 
anhydride and the acetic acid of the reaction by-product were removed 
by extraction by perfusion overnight with acetone using a Soxhlet 
extractor. The product was subsequently dried under reduced pressure 
for 3 hours at 120°C, and an acetylated polyglycolic acid having a 
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1.30 logarithmic viscosity number was quantitatively obtained (fusion 
temperature : 225 °C; decomposition temperature : 3 0 2 °C) . Upon 
dissolving this in trif luoroacetic acid and studying the NMR 
spectra, a characteristic spectrum (5.0 PPM) of the methylene group 
of the main chain and the acetyl group characteristic spectrum (2.3 
PPM, includes trace integral) were detected. Elemental analysis 
values c:4i. 55#*'H:&7$# 

I RCe* 1 >; 2 8 8 D ^ 17 5, 0, H 4 0> 
1575, 1140s 1085x 890, $ A 0 , 720 

Reference Example 

A plunger extractor was charged with the acetylated polyglycolic 
acid obtained in Practical Example 1, and spun after attaching a 
monohole having a spinneret diameter of 0.5 mm at a spinneret 
temperature of 240°C and a melt temperature of 260°C. The melt 
discharged through the spinneret was continuously guided through 
water, cooled and solidified, and subsequently wound to obtain a 
fiber sample . The density of the undrawn yarn was 1,455 g/cm 3 , the 
tensile strength was 7.96 kg/mm 2 , and the initial Young's modulus was 
321 kg /mm 2 . This undrawn yarn was drawn 3. 1-fold in 170°C air to 
obtain an acetylated polyglycolic acid having a density of 1,569 g/cm 2 
strength of 5 7.9 kg /mm 2 , initial Young ' s modulus of 930 kg/ cm 2 and 
elongation of 15.70%. 
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